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ABSTRACT                         In this study the aquatic moss Fontinalis antipyretica (Hedw.) was used to indicate 
the relative levels of water pollution by ten heavy metals: Cd, Cr, Cu, Ni, Pb, V, Zn, Al, Fe and Pb 
at the territory of an oil refinery at the river Danube in Hungary. For the sake of  complex com-
parison of environmental loads, CO2-gas exchange and chlorophyll-fluorescence parameter Fv/
Fm were measured as complementarity to elemental analysis. A 36 days long period was studied 
in the summer of  2007. The water biomonitoring did not indicate the significant increasing of 










Measurements of CO2 gas-exchange rate
Chlorophyll-fluorescence measurements
Results and Discussion
Plots 1 2 3 4 5 6 C1 C2
Elements
V 0.67±0.17   1.05±0.23    1.65±0.26   1.15±0.44   1.16±0.35    1.27±0.23    0.88±0.08   0.64±0.03
Cr 2.74±0.53    3.09±0.87    4.92±1.70   3.44±1.57    3.65±1.74    3.80±0.62    0.60±0.09   0.23±0.02
Co 0.44±0.12   1.81±0.25   3.04±0.53   2.24±0.94    1.82±0.32    1.70±0.38    0.41±0.02    0.14±0.01
Ni 0.88±0.12    1.65±0.42    2.52±0.32   1.68±0.64   1. 65±0.49   1.98±0.43    0.35±0.04    0.07±0.001
Cu 0.87±0.03    3.26±0.28     4.58±0.59  3.07±0.72   3.07±0.57    2.82±0.34  0.86±0.04 0.85±0.12
Zn 0.27±0.06   0.57±0.12   0.62±0.12  1.31±0.71   0.62±0.14    0.54±0.16   0.61±0.07  1.08±0.06
Cd 3.92±1.45   4.28±2.61    4.74±3.16 3.27±1.91   4.74±4.88    1.95±0.82    2.15±2.67   0.85±0.07
Pb 0.42±0.11   0.36±0.25    3.72±2.00 0.66±0.47   1.34±0.30    0.84±0.39   1.34±0.30    0.84±0.28
Fe 0.80±0.19  1.41±0.37    2.32±0.42  1.58±0.66   1.52±0.45  1.81±0.42  0.30±0.02  0.79±0.08
Al 1.39±0.23    3.87±1.02  6.04±1.83   4.35±1.88 3.95±2.10  4.90±1.04  0.34±0.07 4.07±0.63
Table 1. Ratios of the elemental content in Fontinalis antipyretica (Hedw.) (after transplantation compared to the untransplanted values) 1-6: water 
biomonitoring plots from river Danube. C1: water monitoring control site from Godollo, C2: Matra water control. Data are presented as mean±SD, 
n=9.
Table 2.‘a’ Changes of CO2 gas-exchange rates measured at 900 µmol
-2sec-1 radiation (PAR) intensity in the control and the transplanted aquatic moss, 
the Fontinalis antipyretica (Hedw.). ‘b’ Fv/Fm values in photosynthetically fully active moss branches afer 15 min. dark adaptation. Data are presented 
as mean±SD n=5, 1 to 6= water plots at the oil-refinery, C=Control of Gödöllô.
Sampling plots a’ before transplantation a’ after transplantation  b’ before transplantation b’ after transplantation
CO2 assimilation (µmol CO2  kg
-1sec-1) Fv/Fm parameters (relative unit)
1 5.03±1.20 -12.47±9.93 0.79±0.01 0.65±0.04
2 2.36±0.87 0.28±0.03 0.77±0.03 0.75±0.02
3 5.66±1.64 0.42±0.01 0.80±0.01 0.79±0.01
4 4.10±2.49 0.68±0.07 0.79±0.01 0.79±0.01
5 3.19±0.88 - 0.12±0.01 0.82±0.06 0.78±0.02
6 5.04±1.37 0.12±0.02 0.78±0.01 0.75±0.03
C 6.17±0.27 0.35±0.04 0.76±0.01 0.78±0.03
CO2 gas exchange responses
Chlorophyll-fluorescence responses
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